Introduction-The aim of this study was to compare patients with PHC with lymph node metastases (LN+) who underwent a resection with patients who did not undergo resection because of locally advanced disease at exploratory laparotomy.
Introduction
Perihilar cholangiocarcinoma (PHC) is the most common bile duct cancer, with an annual incidence in Western countries of around 2 per 100.000. (1, 2) Patients usually present with obstructive jaundice, abdominal pain, and weight loss (2, 3) . Surgical resection is the only potentially curative option for patients with PHC, resulting in a median overall survival (OS) of about 35-40 months.(4-7) At diagnosis, however, most patients are ineligible for resection because of locally advanced or metastatic disease. (8) (9) (10) Resection typically involves a right or left (extended) hemihepatectomy with an extrahepatic bile duct resection.(2) These extensive operations have considerable major postoperative morbidity and mortality of 5 to 15% in Western centers. (11, 12) Patient selection is paramount to make a trade-off between the potential improved OS and quality of life (QoL) after surgery versus the substantial postoperative morbidity and mortality.
Lymph node metastases (LN+) have been reported to be the major determinant of OS. (2, 13, 14) In a recent study conducted in a large international cohort, patients with lymph node metastases had an estimated 100% chance of recurrence. (15) However, resection of LN+ PHC may still improve life expectancy. The aim of this multi-institutional study was to compare survival of patients with PHC with LN+ who underwent a resection with patients who did not undergo resection because of locally advanced disease at exploratory laparotomy.
Methods
In this retrospective analysis, the resected cohort consisted of patients with PHC who underwent curative-intent surgical resection between January Patients with locally advanced disease at exploratory laparotomy were found to have vascular or biliary involvement precluding a complete resection with adequate liver remnant or had lymph node metastases (N1 or N2). When the reason for discontinuation of the resection was suspicion of extensive lymph node metastases, frozen analysis was conducted to confirm the suspicion. In both cohorts, patients were excluded if they had an Eastern Cooperative Oncology Group performance status 3 or 4 at presentation, distant metastases (M1) on preoperative imaging, at staging laparoscopy, or laparotomy.
Sociodemographic and clinicopathologic data were collected, including age and sex, as well as tumor size, tumor stage, presence of nodal disease, final resection margin, and the presence of lymphovascular invasion (LVI). A major hepatectomy was defined as a hepatic resection of more than 3 Couinaud segments. According to the American Joint Committee on Cancer (AJCC) 7 th edition staging, involvement of lymph nodes within the hepatoduodenal ligament was classified as N1, and lymph node involvement beyond the hepatoduodenal ligament (i.e. along the common hepatic artery and celiac trunc) as N2. (16, 17) Margin status was categorized as R0 for a negative transection margin, R1 when the margin was microscopically positive, and R2 when the margin was macroscopically positive. For the patients who underwent surgical resection, postoperative complications occurring within 30 days after surgery, during index admission, or during readmission within 30 days after discharge were recorded. 90-day postoperative mortality was registered. The severity of postoperative complications was scored according to the Clavien-Dindo classification. (18) Severe postoperative complications were defined as those with a Clavien-Dindo Grade IIIa or higher (i.e. requiring re-intervention). The respective institutional review boards of each participating institution approved this study.
Statistical analysis
Categorical variables were described as whole numbers and percentages, while continuous variables were reported as medians with interquartile range (IQR). Percentages for each variable were calculated based on available data, excluding missing values. Univariable comparison of categorical variables was performed using the Pearson chi-square test. Univariable comparison of continuous variables was performed using the Mann-Whitney Utest. The primary outcome of the study was OS. OS was calculated from the date of operation to the date of death or last follow-up and estimated using the Kaplan-Meier method. Last follow-up was defined as the last contact with the treating institution. Univariate and multivariable hazard ratios were calculated using the Cox proportional hazards method. Risk factors were included in the multivariable model if the p-value was below 0.10 in univariate analysis. All tests were 2-sided and p < 0.05 defined statistical significance. All analyses were performed using SPSS 22.0 (IBM, New York).
Results

Demographic and Clinicopathologic Characteristics
The resected cohort included 119 LN+ PHC patients who underwent a curative intent resection. The non-resected cohort included 113 patients who did not undergo resection because of locally advanced disease at exploratory laparotomy. The reason for aborting the procedure was the extent of LN+ in 49 patients (43%). In 64 patients, the extent of vascular and or biliary involvement precluded surgery. The two cohorts are compared in Table 1 . Table 2 presents resection characteristics of the resection cohort only. A notable difference between the resected cohort and the non-resected patients was observed in the administration of chemotherapy. In the resected cohort, 56 patients (51%) went on to have adjuvant chemotherapy, whereas in the non-resected cohort only 8 patients (7%) received chemotherapy.
Factors Associated with Overall Survival
Ninety-day postoperative mortality in the resected cohort was 7% (n = 8), which did not differ significantly from the ninety-day mortality in the non-resected patients (n = 15, 13.4%; p = 0.09). In the resected cohort, the median OS was 19.2 months and the estimated 1-, 3-and 5-year OS was 69%, 27% and 13%, respectively. Only 7 patients were alive at last follow-up with a median follow-up of 60 months. Three out of 7 patients (43%) were alive with recurrent disease, while 4 patients had no evidence of disease at a follow-up of 62, 68, 76, and 98 months. In the non-resected cohort, the median OS was 12 months and the estimated 1-, 3-and 5-year OS was 49%, 7%, and 3%, respectively, which was significantly worse compared with the resected cohort (p < 0.001; figure 1 ).
In Cox regression analyses, several patient and disease specific characteristics were assessed for their correlation with OS in the resected LN+ cohort. Positive margin and LVI were associated with OS in univariate analysis, and remained associated with OS in multivariable analysis (HR 1.54, 95%CI 0.97 -2.45, p = 0.067; HR 1.71, 95%CI 1.09 -2.69, p = 0.019). When patients with R1 resection margins were compared with the non-resected patients, no difference in median OS was found (17 months vs. 12 months; p = 0.086; figure 2 ). Median OS was also comparable between resected patients with LVI and non-resected patients (16 months vs. 12 months; p = 0.073; figure 3 ).
Discussion
In an international cohort of 12 centers, LN+ patients had a median OS of 19 months after resection of PHC. These data confirm that LN+ PHC has a poor prognosis. (2, (13) (14) (15) However, resection of LN+ PHC did not preclude 5-year OS (13%). A recent study reported that LN+ disease is virtually incurable, with an estimated disease-free survival of 0% after seven years. (15) In the current study, 7 patients who were alive at last follow-up were identified, of whom 4 had no evidence of disease after more than 5 years follow-up. Buettner 
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OS after resection for LN+ PHC compared favorably with a 12 months median OS in patients who did not undergo resection because of locally advanced disease at exploratory laparotomy. Patients who underwent exploratory laparotomy were chosen, because of their relative comparability to the resected cohort. In contrast, median OS for non-operated patients has been reported as less than 6 months. (19) Explored non-resected patients were found to have vascular or biliary involvement precluding a complete resection with adequate liver remnant or had positive lymph nodes (N1 or N2). The difference of 7 months between the resected and the non-resected cohorts may be attributable to both the resection in the resection cohort and more advanced disease in the non-resected cohort. Therefore, the actual benefit of resection for LN+ PHC patients is likely smaller than 7 months.
The potential survival benefit of surgery must be weighed against the potential harm of surgery with a mortality of 5 to 15% in published Western series. (11, 12) A risk score by Wiggers et al. identified a high-risk subgroup of PHC patients with a 37% postoperative mortality risk based on age, preoperative cholangitis, future liver remnant, portal vein reconstruction, and incomplete drainage of the future liver remnant. (20) Recent advances in imaging techniques have made it possible to identify lymph node metastases preoperatively with an acceptable accuracy, with a positive predictive value of 80% and a negative predictive value of 84% using computed tomography and a short axis diameter of 10 mm. (21, 22) EUS/FNA can confirm nodal metastases in suspicious lymph nodes on imaging. This is recommended in most patients for N2 nodes (beyond the hepatoduodenal ligament, stage IVb) because of poor prognosis after resection. Biopsy of N1 nodes should be considered in patients with a high postoperative mortality risk because of advanced age (>70 years), small future liver remnant (<30%), or preoperative cholangitis. When positive N2 nodes are found during exploratory laparotomy the surgeon should also consider to withhold resection. In addition, withholding resection can be considered in highrisk patients with positive N1 nodes during exploratory laparotomy; the small potential survival benefit of resection may not justify the risk of surgery.
In addition, LVI and positive resection margin were independent poor prognostic factors after resection of LN+ PHC. Both LVI and R1 resection have previously been identified as poor prognostic factors after PHC resection. (14, 23) Unfortunately, LVI and margin status are more difficult to guide decision making because they are typically known only after resection.
Patients in the resected cohort were much more likely to receive postoperative chemotherapy than in the non-resected cohort. The explanation for this difference is likely a combination of better postoperative performance status after resection and the willingness of both patients and physicians to administer adjuvant chemotherapy. This is contrary to phase III trials that support palliative chemotherapy more than adjuvant chemotherapy. (24, 25) This study has several limitations. Because of the retrospective nature of the study, the two cohorts differed in baseline tumor characteristics and the actual difference in OS between the resected and the non-resected cohort may be smaller than 7 months. Secondly, work-up and decision-making differed across centers and over time. Finally, because of the small sample size of N2 disease in the observed cohort, definitive conclusions could not be drawn in the present study. The preoperative decision to perform an exploratory laparotomy and the intraoperative decision to perform or withhold a resection are influenced by many known and unknown factors. However, the presented data from 12 centers may be some of the best available data to guide decision making for patients with LN+ PHC.
In conclusion, patients with PHC who underwent a resection for LN+ disease had better OS than patients who did not undergo resection because of locally advanced disease at exploratory laparotomy. The actual benefit of resection in patients with LN+ PHC may be smaller than 7 months and should be weighed against considerable postoperative morbidity and mortality. 
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